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Abstract 
Fatigue damage monitoring of joint structure is a significant but difficult task for structural health monitoring for the lack of 
suitable sensors. A coating sensor is developed in this study to monitor the fatigue damage of an aluminum joint specimen. The 
coating sensor is deposited on the hot spots of the specimen by anodic oxidation technology and ion plating technology. 
Experimental results show that the fatigue performance of the specimen is not obviously changed after the coating sensor 
deposited on it. When plastic deformation occurs, the adjacent measuring date of the coating sensor resistance value is increased 
about 6%. When fatigue crack initiates, the adjacent measuring date of the coating sensor resistance value is increased about 
20.3%. And when the specimen is ruptured, the adjacent measuring date of the coating sensor resistance value is decreased about 
14%. So, the change extent of the measuring date can be taken as the criterion of the fatigue damage stage. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Chinese Society of Aeronautics and Astronautics (CSAA).  
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1. Introduction 
In aviation field, the joint structures usually are subjected to high alternating stresses and impacts which will 
cause damage growth and, ultimately, structural failure. One of the main types of damage is fatigue, which may 
cause a reduction in structural strength and integrity, or even rupture failures which is much more catastrophic and 
can cause considerable damage to life and property. It is hard to predict the occurrence and the propagation of 
fatigue. The most effective way to detect and quantify this damage is by use of non-destructive evaluation 
techniques which allow continuous monitoring. 
 
 
* Corresponding author. Tel.: +86-029-84787505; fax: +86-029-84787014. 
E-mail address:crh-1982@163.com 
 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Chinese Society of Aeronautics and Astronautics (CSAA)
1422   Cui Ronghong et al. /  Procedia Engineering  99 ( 2015 )  1421 – 1425 
Several detection methods have been presented in this field [1]. However, most of them have disadvantages in 
terms of the accuracy, expense, reliability, durability and level of instrumentation required [1]. Especially, most of 
them can not afford the stresses of the joint structures. Thus, development of a simple and reliable inspection 
technique that suitable for joint structure has been desired. 
Sensitive coating which can be directly bonded on the metal structural surface has been paid much attention 
recently [2][3]. This paper mainly studied how to prepare a suitable coating sensor on the hot spots of aluminum 
joint structure using modern surface technology, and how to monitor the fatigue damage using this coating sensor. 
2. Materials and methodology 
2.1. Materials 
LY12-CZ aluminum structures are widely used in aviation field. As a result, LY12-CZ plate specimen is 
employed in this paper. The composition of it is as follows (wt%): Cu 3.80-4.90%, Mg 1.20-1.80%, Feİ0.50%, Si
İ0.50%, Niİ0.10%, Znİ0.30%, impurityİ0.10% and Al balance. Three-lap-joint specimen is employed here, 
and the specimen dimension is shown in Fig.1. 
 
Fig. 1. Specimen dimension. 
2.2. Methodology 
It is a common phenomenon that corresponding cracks will occur at the surface coating when cracks emerge from 
the substrate [4]. As a result, the fatigue damage of the substrate can be obtained through a suitable coating sensor. 
The coating sensor applied in this paper is shown in Fig.2. It mainly contains two parts corresponding to the two 
holes of the specimen. The shape of each part is about a torus. In the perpendicular detraction, the coating sensor 
mainly contains two layers. The first one is the nonconductive isolated layer, which is used to space out the substrate 
and the sensing layer of the coating sensor. The other layer is the sensing layer, which is made of conductive 
materials. And the fatigue damage of the specimen substrate is expressed by the variation of the electrical 
conductivity of the sensing layer, using electrical potential technique. Here, the resistance of each torus is 
documented to review the fatigue damage of the specimen near the hole. 
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Fig. 2. Coating sensor. 
3. Specimen preparation 
Since the specimen is made of LY12-CZ aluminum alloy, anodic oxidation technology [5] is applied to prepare 
the nonconductive isolated layer of the coating sensor. Table 1 shows the parameters of the anodic oxidation 
technology. Measuring result shows that the thickness of this layer is about 10μm. 
       Table 1. Anodic oxidation parameters. 
Parameters Values 
H2SO4 [g/L] 40~60 
H3BO3 [g/L] 5~10 
Al3+ [g/L] <20 
Temperature [ć] 25~35 
DC Voltage [V] 12~20 
Current Density [A/dm2] 0.4~2.5 
Time Horizon [min] 20~40 
 
Ion plating technology is an effective surface coating technology widely used nowadays, which can plate 
continuous, smooth and tight coating of high micro hardness and film-matrix strength on metal structural surface [5]. 
So it is employed in this study to prepare the sensing layer of the coating sensor. Here, Cu is employed to make the 
sensing layer. After polishing, the substrates were ultrasonically cleaned for about 10 min in acetone. Then, the 
substrates were mounted on the sample holder. After that, argon bombardment cleaning was carried out at bias of 
500 V in a vacuum of 2.4 Pa for approximately 10 min. Finally, Cu coating of 4-8μm was deposited by HCD 
technology with an IPB30/30 ion plating equipment. The effective deposition space of it is Ф300mm×300 mm, and 
the thickness allowance of the coatings is ±0.1μm in the effective deposition space. The deposition parameters are 
summarized in Table 2.  
        Table 2. Deposition parameters. 
Parameters Values 
Temperature [ć] <130 
Beam current [A] 40~60 
Ar pressure [Pa] 2~3 
Negative  Bias [V] 80-200 
Deposition time [min] 8~40 
 
The prepared specimen with coating sensor is shown in Fig.3. 
 
 
 
 
Fig. 3. Specimen with coating sensor. 
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4. Experimental procedures 
The fatigue damage monitoring experiment was carried out on an MTS 810 material testing machine in air and at 
room temperature, as shown in Fig.4. Constant amplitude loading was applied in this experiment. The experimental 
parameters were set as follows: loading frequency f=15Hz; stress ratio R=0.03; maximum stress σmax=150Mpa. 
Obviously, the fatigue damage would occur on the middle part of the joint specimen, and it is impossible to be 
observed. As a result, the experiment was not stopped untile the specimen ruptured. During the experiment, the 
resistance values of the coating sensor were documented along with the fatigue damage initiation and propagation. 
All the specimens were not fatigue pre-cracked, so that the whole process of the fatigue damage initiation and 
propagation during the fatigue cycle could be examined. 
 
 
 
 
 
Fig. 4. Fatigue damage monitoring experiment. 
5. Results and analysis 
The coating sensor after fatigue damage monitoring experiment is shown in Fig.5, from which it can be seen that 
there is no desquamation exist in the coating sensor. That is to say during the whole process of the fatigue damage 
initiation and propagation, the surface coating sensor is integrated with the LY12-CZ substrate firmly. It also can be 
seen that the fatigue crack only occur at one hole of the specimen, while the other hole is nearly unchanged. 
 
 
 
 
Fig. 5. Coating sensor after fatigue damage monitoring experiment. 
Fig.6 shows the resistance values variation of the coating sensors during the fatigue damage experiment. Fig.6(a) 
shows the situation of the ruptured hole, and Fig.6(b) shows the other. 
 
  
Fig. 6. (a) Coating sensors signal f the ruptured hole; (b) Coating sensors signal f the unruptured hole. 
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From Fig.6(a) it can be seen that the resistance values of the coating sensor did change regularly along with the 
structural fatigue damage propagation. There are two sudden increases and one sudden decrease of the resistance 
values of the coating sensor during the fatigue damage monitoring experiment. The first sudden increase contains 
three points, and the variation extent of the adjacent measuring date is about 6%. The sencond sudden increase 
contains only two points, and the variation extent of the adjacent measuring date is 20.3%. The sudden decrease 
contains three points, and the variation extent of the adjacent measuring date is about 14%. According to our 
analysis, the first sudden increase is corresponding to the plastic deformation of the specimen, the second sudden 
increase is corresponding to the fatigue crack initiation, and the sudden decrease shows the situation of fast rupture 
of the specimen. That is to say, the change extent of the measuring date can be taken as the criterion of the fatigue 
damage stage. 
 The coating sensor resistance values variation of the unruptured hole is much more smooth, which can be seen 
from Fig.6(b). There is only one sustained increase at the early stage of the fatigue damage monitoring experiment, 
corresponding to the plastic deformation stage. The coating sensor resistance values are nearly unchanged at the 
other part of the experiment. There is only a quite small decrease when the other hole is ruptured. It means that this 
hole of the specimen is just plastic doformed. 
6. Conclusions 
1) A coating sensor was prepared on the hot spots of the aluminum joint specimen using anodic oxidation 
technology and ion plating technology. 
2) Experimental results show that the fatigue performance of the specimen is not obviously changed after the 
coating sensor deposited on it. 
3) Fatigue damage monitoring experimental results show that the fatigue damage information of the specimen 
could be obtained from analyzing the resistance value changes of the coating sensor. 
4) When plastic deformation occurred, the adjacent measuring date of the coating sensor resistance value is 
increased about 6%. When fatigue crack initiated, the adjacent measuring date of the coating sensor resistance value 
is increased about 20.3%. And when the specimen is ruptured, the adjacent measuring date of the coating sensor 
resistance value is decreased about 14%. So, the change extent of the measuring date can be taken as the criterion of 
the fatigue damage stage. 
5) The coating sensor resistance values variation of the unruptured hole is much more smooth. There is only one 
sustained increase at the early stage of the fatigue damage monitoring experiment, corresponding to the plastic 
deformation stage. 
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